In this work various statistical methods for estimating the distribution of wind speed at given site are studied and compared. It has always been accepted that Weibull fits the wind speed data better as it has performed well at many sites. This notion is subject to an investigation by comparing Weibull with Rayleigh, Lognormal and Gamma for wind speed. The results of goodness of fit tests using root mean square (RMSE) and coefficient of determination (R 2 ) showed that Gamma distribution fits the data better than Weibull, Rayleigh and Lognormal.
Introduction
Wind energy is one of the principal drivers for investment in electricity generation sector. In recent times, wind power penetration in the grids has been increasing. To establish the economic viability of a wind farm site its characteristics has to be accurately estimated. Therefore, it is important to determine the appropriated distribution to describe the wind speed at a site. The usage of methods without checking their appropriateness can render inaccurate information which can affect the potential investments in a site.
Different statistical tools have been used to estimate the characteristics and to evaluate the potential of wind farm sites at particular locations [3, 8, 12, 13, 14] . This is done so that the economic viability of constructing a wind farm at a particular location [3] may be evaluated. Weibull and Rayleigh have been used extensively as it is found to be the best fit at different location [6, 15, 16, 17] . However, it was shown in [4] that different sites may be described using different distribution functions.
Celik in [3] used Weibull and Rayleigh to assess the wind potential at Cardiff, UK. A one year data on hourly data series was used in the study, collected at Solar Energy Unit in Cardiff University. R-Squared method was used to evaluate the fit, Weibull distribution fitted better than Rayleigh.
Three distribution functions(Weibull, Rayleigh and Gamma) were used in [5] . The wind speed data was collected at 10, 50 and 70m and fits in the distribution functions. Root Mean Square Error (RMSE), Chi-Squared test, Correlation Coefficient (R) and Coefficient of Determination (R 2 ) were used to evaluate the goodness of fit. it was conclude that the Rayleigh distribution fit the data better. The conclusion that Weibull fits the wind data was reached in [6, 7] . In both works, hourly wind speed data was used in their study.
Although Weibull and Rayleigh have been used to described many, their appropriateness has to be tested since different sites have different characteristics. In this work, four different distribution methods are compared to evaluate their appropriateness.
This paper is arranged in the following manner: Section 2 presents theoretical background of probability distribution and cumulative distribution. In Section 3, the methodology adopted in this work is outlined and the results are also presented. Section 4 presents the discussion and analysis of the results. The Weibull probability density function (PDF) may be described by
where f (v i ; k, c) is the PDF of observing the average wind speed v i , k is the dimensionless Weibull shape parameter and c is the scale parameter measured in m/s. Scale parameter c and shape parameter k are positive integers greater 0. When c = 1, the Weibull distribution becomes exponential distribution with scale parameter c. When c = 2, for general value b, the Weibull distribution becomes the Rayleigh distribution [7] . The corresponding cumulative distributio function (CDF) can be obtained by integrating the PDF in Equation (1) .
Rayleigh Distribution
The value of k in Equation (1) is substituted by 2 to obtain the Rayleigh PDF. It is expressed as
Where f (v i , c) is the PDF of observing the average wind speed v i and c is the scale parameter measured in m/s.
Lognormal Distribution
Lognormal distribution is widely applied in the fields such as economics, geology, quality control, time-series data, etc.. The 2 parameters of Gamma distribution function may be expressed as [7] :
where µ and σ are any positive integer representing the scale and shape parameter. The CDF of Lognormal distribution is obtained by integrating Equation (4) and it may be simplified as
Gamma Distribution
The PDF for a gamma function can be expressed as [8] [10]
where:
and if n is an integer,
The shape parameter is expressed as α while the scale parameter is expressed as β.
The CDF of the Gamma function is [11] :
where γ() is the cummulative gamma function and Γ() follows the properties of Equation 7.
Maximum Likelihood Method
To estimate the parameters of the distributions, the maximum likelihood method is adopted. In this method, the assumptionp that the given data came from some underlying distribution that contains a parameter β whose value is unknown is made. The probability of getting the observed data with the given distribution is the product of the individual densities:
For simplicity, Equation 9 can be written as:
Where β is the value that maximizes L(β).
Goodness Of Fit
The coefficient of correlation (R 2 ) and the root mean square error (RMSE) were used to evaluate the goodness of Weibull, Rayleigh, Lognormal and Gamma distribution fittings. These parameters are calculated as follows:
Where N is the number of observations, y n is the actual data, x n is the predicted data of a distribution functions and z n is the mean of wind speeds.
The value R 2 lies between 0 and 1. 0 indicate that the data does not fit the the distribution while 1 means that the data perfectly fit in the distribution. The RMSE value of 0 shows that the data fits perfectly the distribution.
Methodology
The characteristics of the wind speed at a given site is assessed using probability distribution functions (PDF). Four methods are comparatively assessed to determine the best fit to describe the wind speed (Weibull, Rayleigh, Lognormal, and Gamma). The wind speed data is averaged at 10 minutes intervals as:
The standard deviation was evaluated as:
where v is the wind speed in m/s and N is the number of observations. 
Description of Site

Fitting Seasonal Data
For statistical analysis, the wind speed data in time-series is arranged in frequency distribution format for statistical analyses and the probabilities for 62m measurements are presented in Table 1 for the Autumn season. The parameters of each distribution were evaluated using the maximum likelihood method [18] and they are presented in Table 2 . Table 1 . Autumn Actual Probability, Weibull Probability(Wei), Rayleigh Probability(Ray), Lognormal Probability(LogN) and Gamma Probability The density function and cummulative function for Gamma distribution are illustrated in Figure 1 and 2 
Fitting Annual Data
The annual wind speed data in frequency distribution arrangement is shown in Table 6 . The actual, Weibull, Rayleigh, Lognormal and Gamma distribution probability are also presented in the same table. The parameters of each distribution where evaluated and they are presented in Table 7 . Table 6 . Annual Actual Probability, Weibull Probability, Rayleigh Probability, Lognormal Probability and Gamma Probability The goodness of fit test was performed as in Section 2.3 to determine the best fit for the wind speed data collected at 10m, 40m and 62m above ground. The results are tabulated in Tables 8,9 and 10.
The density function and cummulative function for Gamma distribution are shown in Figure 3 and 4 
Discussion
The results obtained in this work negate some of the previous works done in this subjects. The results support the hyphosesis made in [9] that different sites may fit different distribution. This places a great importance in estimation for the distribution at every site. The goodness of fit tests results shows that Gamma distribution fits the wind speed data for Vredendal better than Weibull, Rayleigh and Log-normal distribution. The results show that wind speed measured at different heights at the same location have the same distribution. The time interval at which the data is collected plays a role in determining the distribution of wind speed. Different authors [3, 5, 6, 7] uses hourly measured data while in this work, 10 minutes was the time interval at which the data was collected.
Conclusion
The wind speed data collected for five years at 10 minutes intervals for Vredendal was statistically analyzed. The data was fitted into Weibull, Rayleigh, Lognormal and Gamma distribution. Although Weibull distribution has performed well at differed sites, at Vredendal site at 10m, 40m and 62m above the ground Gamma distribution performed better than Weibull, Rayleigh and Gamma. Two different testing criterion's was performed to evaluate the goodness of the site.
